High tibial osteotomy (HTO) is a well-established procedure for treatment of the varus osteoarthritic knee. High tibial osteotomy produces satisfactory clinical results in the short-term but these results may deteriorate with time. [1] [2] [3] [4] [5] [6] Many patients who undergo HTO require total knee arthroplasty (TKA). [4, 7, 8] Therefore, when setting up the indication of HTO, one should pay attention that HTO does not compromise the subsequent TKA and that the results do not deteriorate more rapidly compared to primary TKA alone. [9] Earlier studies produced varying results for TKA after failed HTO. Several authors reported that the results of TKA in patients with a previous HTO were similar to those after primary TKA. [10] [11] [12] [13] [14] [15] [16] Others have demonstrated inferior results of TKA after HTO with technical difficulties [5, 9, 17, 18] because of shortening of the patellar tendon and transposition of the tibial condyle caused by previous HTO.
According to our former studies, [19, 20] a combined high tibial osteotomy (CO) does not change considerably the position of the tibial condyle and the patella, thus we believe that CO does not compromise the subsequent TKA, hypothesizing that the clinical and radiological results and survivorship of TKA performed after failed CO are similar to primary TKA in the medium-to-long term. Therefore, in this study, we aimed to compare the results of TKAs performed after previous CO to those of a matched control group of primary TKA.
PATIENTS AND METHODS
This retrospective study was conducted at Department of Orthopaedic Surgery, Borsod County Teaching Hospital. Between 01 August 2006 and 31 December 2011, we performed 24 consecutive cemented TKAs in 24 patients (10 males, 14 females; mean age 69.5 years; range, 60 to 79 years) who had undergone previous CO (study group). The study group was compared to a control group of 24 patients (10 males, 14 females; mean age 69.9 years; range, 63 to 79 years) who were performed primary TKA during the same period. The study group was matched to the control group according to age, gender, weight, etiology, prosthetic design and duration of follow-up. The study protocol was approved by the Borsod County Teaching Hospital Ethics Committee. A written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
We performed CO [19, 20] (combination of lateral closing and medial opening wedge osteotomy) in all cases in 1993. We preferred CO if the planned correction was 10º or higher. [19, 20] Hardware was removed prior to TKA in all cases.
Preoperatively and at the final follow-up, the knees were evaluated according to the clinical scoring system of the Knee Society (knee and function score). [21] Preoperatively, in both groups, we determined the anatomical femorotibial angle, the distance between the tangent to the lateral subchondral plate and the top of the fibular head and the amount of the transposition of the tibial condyle with respect to its bony axis on a preoperative weight-bearing anteroposterior radiograph. The transposition of the tibial condyle was calculated according to the method of Yoshida et al. [22] In both groups, preoperative length of the patellar tendon was determined according to the method of Insall-Salvati [23] and the tibial slope (TS) angle was determined according to the method of Bonnin [24] on a lateral radiograph. We determined the amount of lateral tibial bone resection as the difference of the following two values: the distance between the tangent to the lateral subchondral tibial plate and the top of the fibular head measured on preoperative weight-bearing anteroposterior radiograph and the distance between the tangent to the distal surface of the tibial component and the top of the fibular head measured on the radiograph taken in the third postoperative month. At the final follow-up, we evaluated the alignment and the TS in both groups.
The indication for conversion from CO to TKA and for primary TKA was increasing pain with radiological progression of osteoarthritis. In both groups, posterior cruciate retaining prosthesis (DePuy Synthes; P.F.C. SIGMA; Warsaw, Indiana, USA) was used in all cases without utilizing any patellar component. All knees were approached through the standard medial parapatellar incision. In both groups, we recorded the number of the release of different types.
The postoperative care was similar in both groups. On the first postoperative day, the patients started passive exercises with a continuous passive motion device and active exercises as well. Partial weightbearing was permitted on the fourth postoperative day and full-weight-bearing on the 10 th day.
Statistical analysis
Microsoft Excel 2007 and 2010 furthermore SysStat Sigmaplot 12.0 were used with the same results. Results of the study and the control groups were compared using the paired t-test. P values below 0.05 were considered statistically significant.
RESULTS
There were no significant differences between the two groups regarding their preoperative demographic or clinical radiographic data. Only the distance between the tangent to the lateral tibial subchondral plate and the top of the fibular head was significantly less in the study group than in the control group (p=0.0000008) (Tables I, II, III) .
More releases were required for soft tissue balancing in the study group (10 deep and 5 superficial medial collateral ligaments, 9 lateral retinacular releases) than in the control group (6 deep and 2 superficial medial collateral ligaments, 7 lateral retinacular releases). To restore the preosteotomy position of the lateral joint line in the study group, we used 10 mm or thicker tibial insert in 54.2% of the cases, while in the remaining 45.8%, 8 mm thick insert was sufficient. In the control group, we used 8 mm thick tibial insert in 21 cases and 10 mm thick tibial insert in three cases. There were no postoperative complications in either group. No patient required revision of the TKA components during the duration of follow-up.
At the time of the final follow-up, there were no significant differences regarding clinical or radiological data. (Tables IV, V) . However, lesser lateral bone was resected in the study group than in the control group (5.11 [range, 2-10] (Tables III, IV) .
DISCUSSION
During subsequent conversion to TKA after osteotomy, the soft tissue scarring and the shortening of the patellar tendon make the subperiosteal exposure of the proximal tibia and eversion of the patella more difficult with the additional risk of avulsing of the tibial tubercle. [4, 1618, 25] During the exposure, the rectus snip, V-Y plasty of quadriceps and tibial tubercle osteotomy may be required. [16, 18, 26, 27] No additional procedure for eversion of the patella was needed in any case. The distance between the tibial tubercle and the joint line does not change after CO and thus the length of patellar tendon does not change significantly. [19, 20] Excessive undercorrection, overcorrection and rotational deformity are not uncommon after a failed HTO [14, 28] and the HTO inevitably produces some transposition of the tibial condyle with respect to its bony axis. [29] These factors can lead to difficulty in obtaining optimal soft tissue balancing, appropriate alignment and optimal positioning of the tibial component during the subsequent TKA [15, 18, 30] In our study, similar to Meding et al., [30] the impingement of the peg of the tibial component against the truncated lateral metaphysis did not occour, the tibial component was not medialized or downsized in any case, because the CO does not lead to significant lateral tibial bone loss and to lateral overhang. [19] After HTO, reduced amount of bone stock can be present on the lateral side of the tibial condyle. Because of the lateral bone loss, only minimal lateral tibial bone can be resected during the subsequent TKA. To restore the preosteotomy lateral joint line position, the use of a relatively thicker tibial component is necessary. [14, 16, 18, 30] Similar to Meding et al., [14, 15, 30] we resected significantly less lateral tibial bone in the study group than in the control group. Furthermore, the HTO usually changes the TS angle and may weaken the attachment of the posterior cruciate ligament (PCL). [15] [16] [17] [18] [19] [20] [31] [32] [33] We did not note the tenuous PCL in any case in the study group, because the CO does not weaken the distal insertion of the PCL significantly and the TS decreases only in a small degree after CO. [19, 20] We aimed for a postoperative alignment of 6° valgus in both groups. In the study group, we noticed slight undercorrection, while 66.66% of cases was in the range of 4-8° of valgus.
Our study confirmed our hypothesis, showing similar knee and function score in both groups at the time of the final follow-up and a 100% survivorship of total knee arthroplasty in both groups. [34] Similar to Badawy et al., [35] we detected no higher risk of revision in the study group than in the control group. Some authors investigated the results of TKA after closing wedge osteotomy (CWO) [10, [12] [13] [14] [15] [16] 27, 30, 35] while others investigated the results of TKA after opening wedge osteotomy (OWO). [17, 27, 36] The results of TKA indicated after CWO as well after OWO are similar to the ones of primaer TKA. [9, 10, 11, 14, 16] There were no significant differences between the groups underwent TKA after CWO or OWO. [9, 27, 35] Lateral bone loss and lateral overhang were common findings in the post-CWO group. [10, 14, 35] The TS was reported to decline after CWO [10, 16] and to increase after OWO. [17] Patella infera was reported both in the post-CWO and the post-OWO studies. [10, 17] To comparison in our study group there was no lateral bone loss, significant change in TS or patella infera.
The limitations of this study are its small sample size and retrospective design. However, to our knowledge, this is the first study in the literature that elaborates the TKA long-term results after high tibial osteotomy (CO).
In conclusion, in young and active people with medial knee arthrosis, we continue to suggest CO since previous CO in the medium-long term does not seem to influence the results of TKA negatively.
